Abstract Human perception of two important visual aspects of the appearance of river and lake water, clarity and colour, was investigated from the perspective of bathing and aesthetics in New Zealand. Bankside interviews were conducted at the same time as measurements were made for clarity and colour. We found that water appearance, perceived suitability of the water for bathing, and bathing activity are closely linked, as is perception of water clarity and colour. Water is perceived as just suitable for bathing at a horizontal black disc visibility of 1.2 m (equivalent Secchi depth c. 1.5 m) with a 90 percentile of 2.2 m (equivalent Secchi depth c. 2.75 m), confirming earlier work. As might be expected, blue waters are preferred to yellow waters, and water is perceived as just suitable for bathing if the Munsell colour is greater than around 30 units (i.e., at the low end of the green-yellow range). For bathing waters, consideration of personal safety is very important; for aesthetics, surroundings are important. People's perception of visual aspects (i.e., clarity and colour) appears to have a strong influence on their rating of overall site suitability.
INTRODUCTION
There is considerable evidence that water is a dominant visual landscape property which may enhance scenic quality (e.g., Zube et al. 1975; Ulrich 1983) and it is often used as a focal point for recreation (Magill 1992) . Quick & Johansson (1992) suggested that at least part of the value of visiting recreational sites incorporating water bodies lies in the visual amenity provided by the water itself. Indeed it is likely that water is often the main focus. Because the visual aspects of water are important in people's perception of its "quality" and therefore its suitability for use (e.g., Nicholson & Mace 1975; House & Sangster 1991) , it is surprising that only very recently have studies been carried out linking people's perception of these visual aspects (clarity and colour) to their measurement (Smith et al. 1991; Smith & DaviesColley 1992) . One of the main reasons is that only recently have appropriate techniques become available for simple measurement of clarity (Davies-Colley & Smith 1982; Davies-Colley 1988) and colour .
From our earlier studies, management guidelines have been published for clarity and colour, for bathing and aesthetic uses of natural waters (Ministry for the Environment 1994). Guidance has recently been incorporated into Australian national water quality guidelines (ANZECC 1992) .
The present study further explores relationships between bathing and aesthetic water uses, and between the visual attributes of water clarity and colour, thereby contributing to our ability to manage recreational waters. Bankside interviews at 10 river and lakeside locations in New Zealand (Fig. 1) were made while, at the same time, assessments were made for water clarity and colour. Some optically unusual, but natural, waters were studied to extend our understandings of human perception 
EXPERIMENTAL Questionnaire
The questionnaire design (Table 1 ) was based on that of our earlier study (Smith et al. 1991 ) with emphasis placed on eliciting ratings, and reasons for them, on combinations of the suitability of a particular water's colour and clarity for bathing and aesthetic purposes (defined as "pleasantness" for ease of understanding of the concept of aesthetic appeal). Because of poor weather at many sites and its consequent effects on the water, respondents were asked to consider the condition of the water at the time of the interview.
Questions 1 and 3 sought yes/no responses as to whether respondents felt that the water per se was suitable for bathing and looked pleasant, respectively. Question 2 established if they were bathers. For all three questions "no" responses were followed by a request for reasons. These general questions were asked at the beginning of the questionnaire because of the vulnerability of general questions to context effects (Schuman & Presser 1981) and to avoid prompting responses not previously considered by respondents which may occur if additional information is provided (as would likely be the case further into an interview) (House 1986 ).
Questions 4a and b solicited ratings of the water's clearness for bathing and pleasantness, respectively. Before this, respondents were directed to give their attention to the water's clearness. Rating cards "A" and "B" were presented for bathing and pleasantness responses, respectively, to assist respondents and ensure uniformity of responses. The main reasons given for the rating response were requested with "anything else?" prompts so as to obtain as much information as possible. The term "clearness" was used, as in our earlier study, to avoid possible confusion with the more technical terms such as "clarity" and "turbidity".
Questions 5 a and b sought ratings of the water's colour for bathing and pleasantness, respectively. Before this, respondents were directed to give their attention to the water's colour. Again, ratings cards "A" and "B", were presented to assist respondents and ensure uniformity of responses. An additional question (5c) was asked here in an attempt to find out how people described colour and to assess their awareness of it; the results of this are described in the companion paper (Smith et al. 1995, this issue) .
Questions 6 sought respondents' overall ratings for each place studied (that is, the general area within which recreation normally takes place) for bathing suitability (using card "A"). Question 7 asked for the main considerations that recreationists felt were important for bathing generally; the initial answer was followed by the prompt "anything else?" to gain further information.
Questions 8 and 9 were parallel to 6 and 7 but used the term "pleasantness" in place of "bathing". Table 1 The questionnaire used in this study. Boldfaced words in the questions were stressed by the interviewer. At the end, sex and apparent ethnicity were noted, as were interview time and date.
Question 1:
"Do you think the water is suitable for bathing?": YES/NO. If NO, ask: "Why do think that?" Question 2:
"Do you or your family bathe in it?": YES/NO. If NO, ask: "Why is that?" Question 3:
"Do you think the water itself looks pleasant?" YES/NO. If NO, ask: "Why do think that?" Question 4a:
"I would like you to rate this water's clearness according to how you judge its suitability for bathing. Use this card (Card A) as a guide." This was followed by: "What are the main reasons for your decision?" Question 4b:
"Now I would now like you to rate this water's clearness in terms of how pleasant you think it looks. Use this card (Card B) as a guide." This was followed by: "What are the main reasons for your decision?" Question 5a: "I would like you to rate this water's colour according to how you judge its suitability for bathing. Use this card (Card A) as a guide." This was followed by: "What are the main reasons for your decision?" Question 5b:
"Now I would now like you to rate this water's colour in terms of how pleasant you think it looks. Use this card (Card B) as a guide." This was followed by: "What are the main reasons for your decision?" Question 5c:
"How would you describe the colour of this water?" Question 6:
"Could you give this place an overall rating for suitability for bathing?" Question 7:
"When you consider bathing at a particular place, what are your main considerations?" Question 8:
"Could you give this place an overall rating for pleasantness?" Question 9:
"When you consider the pleasantness of a particular place, what are your main considerations?" Question 10:
"What age group do you belong to?" A card was presented as follows: At one site, the Inangahua River, it became rapidly apparent that the respondents were stratified into two groups, those who understood the natural reasons for the river's somewhat unusual appearance (i.e., visually clear but yellow-coloured water because of high yellow-substance content) and those who did not. Consequently the question "Can you tell me the reasons for the colour of this water?" was added after a few interviews had taken place, at the end of the questionnaire in an attempt to gain a better understanding of respondents' views.
Finally, the respondents' age group was requested and sex and apparent ethnicity were recorded as an indication of population mix at each site. As in our earlier study, interviewers attempted to obtain a representative sample of people present.
Interviews
Because of the somewhat poor summer weather in New Zealand before and during the field work in January 1993, we were forced to be very opportunistic in obtaining suitable interviewees. Consequently, interviews were not constrained to a particular time of day. Several sites (Brunner, Inangahua, Ruataniwha, and Tekapo) were visited twice on separate days because of a shortage of interviewees. As in the preliminary study (Smith et al. 1991 ) 20 interviews were conducted at each site except for the Inangahua River, where only 14 interviews were carried out over 2 days, and the Hutt River where, because of poor weather, only 10 people were available for interview in one 4-h period along a 15-20 km stretch of river. Thus 184 interviews were conducted in total. Only people within about 25 m of the water, or those who had already seen the water close up before interview, were interviewed. Only one person from each family or friend group was chosen for interview.
Field and laboratory measurements
A limited amount of site data was obtained. Because this study was specifically directed towards perception of water clarity and colour, accurate measures of these properties were considered the most important. Measurements were normally made at two undisturbed points at each study site and results averaged; differences were always within measurement error.
Clarity (clearness) was measured using the horizontal black disc visibility (J^D) technique (Davies-Colley 1988) (Farnsworth 1957) .
For the unusually bright waters (Lakes Tekapo and Ruataniwha, and the Waitaki River), reflectance measurements were made (Li-Cor LI-192SA matched sensors of photosynthetically available radiation (PAR) mounted on a customised lowering frame; readout on a LI-1000 datalogger using the "math" channel to calculate the ratio of upwelling to downwelling irradiance).
For the humic-stained, but relatively clear waters (Lakes Brunner and Kaniere, and the Inangahua River), the absorption of filtrates (0.45 [im) at 340,440, and 740 nm was measured (Varian DMS 100 UV-Visible Spectrophotometer) to obtain absorption coefficients at 340 and 440 nm as an index of yellow-substance concentration (Kirk 1976; Davies-Colley & Vant 1987) .
Air and water temperatures were measured, and cloud cover, wind speed and direction assessed; the local NIWA-Environmental Data office was consulted for river flows and lake heights to assess whether they were "normal" for the time of year. River flows and comments are given in Table 2 : all lakes were either at their "normal" height or slightly high for the time of year.
Site descriptions
Ten sites were selected for study ( Fig. 1) based on their expected diverse clarity and colour. There are four with "normal" water, i.e., Hamilton Lake, Lakes Waihola and Dudding, and the Hutt River: "normal" here meaning that as turbidity increases, the waters become browner. This selection extended a previous study (Smith et al. 1991) to cover the southern part of the country, except for Hamilton Lake which was included to compare the results of the previous with the current study. Three clear, •a
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"brown" (Munsell yellow) waters of the South Island's West Coast were selected: Lakes Brunner and Kaniere, and the Inangahua River at Reefton. As discussed below, the two "brown" lakes were actually green-yellow in hue although they are perceived by most people as brown. Three unusually turbid, highly-reflecting, blue waters were selected: Lakes Tekapo and Ruataniwha, and the Waitaki River just above Lake Waitaki. These three waters are part of the Waitaki hydroelectricity complex and are normally more turbid, and thereby less clear, than might be expected for a blue-hued water; the cause of the turbidity is suspension of spectrally neutral glacial flour. At the time of the study only Lake Ruataniwha was as turbid as expected.
All sites were chosen because of their popularity for recreational pursuits with local people or summer visitors. Because of the poor weather, two (or sometimes more) beach areas were visited at each waterbody to ensure that sufficient respondents (20) were available for interview. We always ensured that water clarity and colour were the same within experimental error at these areas so that data for each waterbody could be justifiably pooled.
In the site descriptions below, brief comments from interviewees on some visual aspects of the waters are also included to provide an idea of how the general public perceives them. These comments are a distillation from the "reasons for decision" part of Questions 4a and b, and 5a and b.
Hamilton Lake is an urban lake (long axis 1.3 km) about 1 km from Hamilton city centre. It is popular for picnics, feeding ducks, boating, and wind-surfing (sail-boarding). The lake is easily accessed. The survey took place along the eastern margins where there is a small beach (50 m long) and many grassy picnic places. Measurements were made at the two extreme points of the study area. This water is viewed by the public (i.e., our interviewees) as "dirty", "unhealthy" (as a partial consequence of duck faeces), and "polluted", and swimming seems to be rare.
Lake Waihola is a rural lake (6 km long and 1 km wide) 35 km south-west of Dunedin city. The survey took place on the eastern shore midway along the lake where there are a camping site, many picnic spots, a boating club house, and launching ramps. Wind surfing is also popular here. There are several small (25 m long) pebble beaches which contain a large proportion of white quartz stones (these enhance perceived clarity). Measurements were made at several points along the study area. Most of our interviewees regarded the water as "dirty" and "discoloured".
Lake Dudding is a sand dune lake (0.13 km 2 ) 35 km south-east of Wanganui city. The area is a recreation reserve and is used for camping, picnics, swimming, fishing, and boating. Two beach areas on the lake were studied: one at the south-western end where there is a gentle shelving black sand beach, the other to the north characterised by a muddy substrate and steep banks. Measurements were made from a jetty at the latter area well away from disturbing influences such as swimmers and boats which stir up the margins. The comments by our respondents on the lake water were very varied and reflected a wide range of opinion from "murky" to "clean" and "clear".
The Hutt River has several recreation areas along a 20 km length from just above Upper Hutt city to Lower Hutt city just above the tidal influence. The main recreation activities are picnics, swimming, canoeing, and fishing. On the day of the survey the weather was poor so the full study length of the river was visited (several times); even then only 10 groups of people were using the river for recreation. All areas visited have clean pebble/cobble beaches with river riffles, runs, and pools suitable for swimming. The river changed very slightly along the 20 km study area being slightly clearer and yellower in its upper reaches. Public opinion on the water was varied and ranged from "crystal clear" to "polluted".
Lake Brunner is a dark-looking lake (36 km 2 , long axis 9.4 km ) 35 km south-east of Greymouth. It is popular for swimming, boating, water skiing, picnics, and fishing. Two areas were chosen for the study: Moana in the north and Iveagh Bay, a narrow arm of the lake on the eastern shoreline. Both areas have holiday homes. The lake is surrounded by native bush and is the source of the Arnold River, 100 m to the west of the Moana study area. At Moana there is a designated bathing area c. 500 m long (with a brownish pebble/small cobble substrate), a yacht club, and a boat ramp. At Iveagh Bay there is a series of small (10-20 m long), sandy beaches each surrounded by trees. Measurements were made in both areas. A sample of pebbles was collected from just below the water line at Moana and the brownish film examined microscopically. The dominant alga was the diatom Fragilaria sp. with Cymbella sp. also common (J. M. Quinn, NIWA, pers. comm.). These algae would account for the colour of the pebbles and also impart an apparent brown colour to the water. These waters are regarded by the public as "clean" and "unpolluted".
Lake Kaniere (area 15 km 2 , long axis 8.6 km) is situated 16 km south-east of Hokitika. It is popular for swimming, boating, and water skiing: native bush surrounds this dark-looking lake and there are several bushwalks available. Two study areas were selected, Sunny Bay at the north-west tip of the lake and Hans Bay at the north-east tip; both areas have holiday homes. Sunny Bight has a 600 m long pebble/cobble beach with a boat launching ramp separating the water skiing and bathing areas. There is a grassed area behind the beach for picnics. Hans Bay is more exposed to the prevalent westerly winds than Sunny Bight: there is a 1 km long open area with a pebble/cobble beach and plenty of space for picnics. The public regards this lake as "clean" and "unpolluted".
The Inangahua River runs past the township of Reefton. The study site was adjacent to the Reefton camp site along a 500 m reach. The river contained fast flowing rapids and runs (0.5-1.5 m deep) on a light-coloured granitic cobble/boulder substrate. Swimming pools are difficult to access and beach areas very limited. The water was noticeably brown due to natural humic staining from native forests higher in the catchment. Opposite the site there are steep pine-covered hills. The water is regarded by our interviewees as "unusual".
Lake Tekapo is situated in the tourist region of the Southern Alps and is fed by cold glacial meltwaters via the Godley River in the north. It is a relatively large lake (area 87 km 2 , long axis 25 km) surrounded by tussock and sub-alpine scrub. The study area was at the southern end of the lake (at Lake Tekapo township) and divided into two parts; the first being a 1 km long beach area containing a camp site, boat ramp, jetty, and a boat/water ski club house; the second part was about 1 km to the east and comprised a grassed walking/picnic area raised above a pebble beach. This water body is regarded by the public as "appealing", "clean", and "attractive". Lake Ruataniwha is a 5 km long man-made lake 45 km SW of Tekapo and contains diverted water from Lakes Tekapo, Pukaki, and Ohau before discharge to the Waitaki River hydro-electric scheme. Lakes Tekapo and Pukaki are very bright, highly reflecting lakes (19 and 32% reflectance, respectively) making the water of Ruataniwha also very bright (28% reflectance on the survey days). It is a popular camping, boating, water skiing, and bathing area for people from the nearby township of Twizel and visitors to the region. The lake is an international rowing venue. Interviews were confined to two areas on the northern shore, one a gently shelving small-pebble beach area 300 m long near the camp site; this has a large grassy picnic area with trees behind. It also has a small jetty and a platform 100 m offshore for swimmers. Power boats are not allowed into the swimming zone. The other area (c. 300 m long) is about 2 km to the east and comprises a steep-shelving smallpebble beach, a boat ramp and a jetty and is mainly used by water skiers and boat users. This water is regarded as "clean" and "unpolluted".
The Waitaki River (at Fisherman's Bend) site is situated between Lakes Aviemore and Waitaki, 2 km downstream from the Lake Aviemore dam and about 55 km downstream of Lake Ruataniwha. The area is a very popular camping spot and is located on the inside bank of a gentle left bend in the river secluded by willow trees. Access to the river is by a series of wide tracks from which boats can be launched. Bathing and fishing are popular activities here, although the river is rather swift in places. The substrate consists of pebbles and cobbles with the gently shelving edges made from river silts. The water is viewed by the public as "clean" and "unpolluted". 25B ). An absorption coefficient (#440-an index of yellow substance (humic material) concentration) > 1 m" 1 was described as "high" (implying yellow-coloured waters) by DaviesColley & Close (1990) although other factors may contribute to colour, for instance algae. Values listed represent moderately high concentrations of yellow-staining humic materials. The reflectance of the turbid, blue waters was high, especially for the two lakes. These high reflectances impart a 35 bright appearance to these waters. The visual clarity measurements of Lake Tekapo and the Waitaki River were both somewhat higher than expected.
RESULTS AND DISCUSSION
Relationships between bathing and aesthetics (pleasantness) Questionnaire items 1-3 examine responses as regards suitability for use of the sites without separation into various attributes of the water, for example, clarity and colour. Table 3 shows that at each site the percentage Yes responses for all three questions were very similar, and this was confirmed by linear regression of each set of responses on the other two. All regressions are highly significant (P< 0.01; 2-tail test) with rvalues ranging from 0.87 to 0.93, and slopes are close to unity indicating near 1:1 relationships. The lowest r and slope were 0.87 and 0.93, respectively, for the regression of Question 3 responses against Question 1 responses.
Thus, if a water is regarded as pleasant to look at, it is also usually considered suitable for bathing. And if a water is regarded as suitable for bathing, not surprisingly, people tend to use it for bathing. Water appearance and bathing activity are thus very closely linked (regression of Question 2 responses on Question 3 responses gave r = 0.92 and a slope of 0.95). The largest discrepancy in the results here is for Lake Tekapo where 70% of respondents said that they used the water for bathing but 100% said that the water looked pleasant. This was stated to be beeause of the water's low temperature. Oddly, this did not occur at the nearby Lake Ruataniwha, possibly because the air temperature here was higher during the interview period.
Separating water appearance into its two main attributes, clarity and colour, likewise shows the close relationship between pleasantness and suitability for bathing. Fig. 2A graphs clearnessfor-pleasantness (Question 4b) against clearnessfor-bathing (4a), and colour-for-pleasantness (5b) against colour-for-bathing (5a). Both relationships are very close to the perfect 1:1 slope. The separate r values for the clearness and colour regressions are 0.99 and 0.97, respectively. Figure 2B depicts a different, and mathematically more appropriate, way of plotting the ordinal scale data obtained in Questions 4a,b and 5a,b; in this instance we have plotted the percentage of respondents reporting that a water is "just pleasant" or better against percentage of Fig. 2 A, Clearness ratings for pleasantness plotted against clearness ratings for bathing water use (A); and colour ratings for pleasantness plotted against colour ratings for bathing water use (O). B, Percentage respondents reporting a water's clearness as "just pleasant", or better, plotted against percentage respondents reporting the water's clearness as "just suitable", or better, for bathing (A); and percentage respondents reporting a water's colour as "just pleasant", or better, plotted against percentage respondents reporting the water's colour as "just suitable", or better, for bathing (O). At (100,100) there are five and four overlapping points for clearness and colour, respectively. HAM and WHA refer to the Hamilton Lake and Lake Waihola sites, respectively. 37 respondents reporting that the water is "just suitable" or better for bathing, for both attributes clearness and colour. This plot is also very close to the 1:1 line. Values for r are highly significant (P < 0.01) at 0.98 for clearness and 0.91 for colour. The slightly outlying points for both clearness and colour plots at (15%, 35%) are for Hamilton Lake (HAM), and that for colour at (50%, 25%) is for Lake Waihola (WHA). These lakes are both fairly turbid and brown (yellow hue) in appearance; they are discussed at greater length in our companion paper (Smith et al. 1995, this issue) .
All the above confirms the finding of that water appearance for bathing and aesthetic use are closely related. It seems plausible that people are unlikely to bathe in a water that they find aesthetically unappealing. However we know from experience that visually unattractive waters are sometimes bathed in for a variety of reasons in spite of poor visual quality (Smith etal. 1991) .
Relationships between water attributes, clarity and colour
We have also compared, for both water uses examined here, the relationships between the attributes clarity and colour. In most cases water colour was reasonably discernible by the unaided eye (Smith et al. 1995, this issue) . Figure 3 shows colour ratings against clearness ratings for both bathing and aesthetic (pleasantness) water uses (i.e., Question 5a vs 4a responses, and 5b vs 4b responses, respectively) (Fig. 3A) , and percentage respondents reporting colour as "just suitable/ pleasant" or better against percentage respondents reporting clearness as "just suitable/pleasant" or better for both water uses (Fig. 3B) . Figure 3A , using the average ratings for each site, gives a 1:1 relationship (r = 0.98 and 0.97 for bathing and aesthetic water use, respectively) confirming the findings of Smith et al. (1991: fig.  2 ). Figure 3B , using percentage respondents, also shows a 1:1 relationship (r = 0.99 and 0.93 for bathing and aesthetic water use, respectively). The two points furthest from the line in Fig. 3B are both for pleasantness with the points at (93%, 71%) and (55%, 25%) representing the Inangahua River (INA) and Lake Waihola (WHA). Possible reasons why these sites are outliers are considered in Smith etal. (1995, this issue) .
Why the relationship is linear is not easy to explain. Certainly, for the very turbid blue Lake Ruataniwha (RUA) and the clear, obviously brown Inangahua River waters this is surprising. For the former, we expect a point in the upper left portion of the figures, whereas for the latter in the lower right. These two interesting cases are discussed in more detail in Smith et al. (1995, this issue) . Seemingly, people respond to a dominant feature. If a water is turbid yet blue, colour seems to dominate perception and mask clarity perception. On the other hand, if a water is brown but clear, then clarity seems to dominate and "affect" colour perception. One possible explanation is that the more "natural" a water is perceived to be, the more acceptable will be its optical (visual) quality. Perceived naturalness may be having a major impact on perception; this is further examined in Smith et al. (1995, this issue) . However, even a natural water (e.g., Lake Waihola) which is both turbid and brown is not likely to be very favourably perceived.
Water suitability for use Clarity
This section concentrates on bathing water use to enable comparisons to be made with our earlier field study (Smith et al. 1991 ), but it is apparent from the previous section that our findings can almost equally be applied to aesthetic water use (pleasantness). In comparing earlier results, note that the terminology used for the questionnaire clarity ratings are slightly different as follows:
Rating 1991 study Present study 3 Suitable 4
Quite unsuitable
Just suitable Unsuitable
In both studies, rating 3 was the lowest ranking "suitable" category, and rating 4 was the highest ranking "unsuitable" category. We have assumed that the two sets of ratings are equivalent for study comparison purposes. Figure 4 combines the suitability for bathing ratings in two ways, as indicated, and the points representing the different water types in this study are identified. The "eye fit" curves take into account Lake Waihola, but not the seemingly spurious Lake Ruataniwha (RUA). Figure 4A indicates that a water is just suitable for bathing at a clarity of about 1.2 m (equivalent to a Secchi disc depth of about 1. 
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-" be to ensure that 90% of people so respond-in which case the desirable clarity is around 2.2 m (Secchi disc depth 2.75 m). Both results confirm the findings of Smith et al. (1991) . The Delphi-type study of Smith & DaviesColley (1992) , which used a panel of water experts, concluded that a water was (just) "marginally suitable" for bathing at a clarity of 1.1 m and (just) "suitable" at 1.6 m; the suitability-for-use categories used were based on an earlier water quality index study (Smith 1990 ). Thus, two separate field studies, and one theoretical study using a panel of experts, have yielded very similar results, providing us with considerable confidence in our findings.
The critical region of the curves is in the clarity range 0.9-1.6 m; if further studies were to be contemplated, this should be the clarity region concentrated on. Above 2 m clarity, and especially in Fig. 4B , increasing clarity makes virtually no difference in response. Figure 5 combines the suitability for bathing and pleasantness data in two ways, as in Fig. 4 . The curve drawn by eye in both cases has ignored the Inangahua River (INA) values for reasons discussed in Smith et al. (1995, this issue) .
Colour
Blue waters are more favoured than yellow waters. Because both curves are exceedingly steep at the critical judgment region, good management guidance as to appropriate desirable colours can be given. Figure 4A indicates that a water is just suitable for both water uses at a Munsell hue just under 30, corresponding to 10Y. At this colour about 80% of respondents report the colour as just "suitable" or better. Again, if for water management purposes we require 90% response, then the colour should be no less than around 30-35, say 32.5 (2.5GY-a yellowish-green).
Smith & Davies-Colley (1992) produced a more linear response curve. The (just) "suitable" colour for both water uses was around 42.5 (2.5G), and the (just) "marginally suitable" colour was around 34 (4GY) as indicated on Fig. 5A . The full curve developed by cannot be sensibly reproduced on this figure because the scale descriptors used were so different.
For water management purposes it would seem wise to assume that a suitable colour should be greater than 32.5 Munsell units (2.5GY), but note that a yellow water may still be well regarded. The relatively clear Inangahua River is yellow (26.25; 6.25 Y) because of humic staining, but is highly rated for both water uses considered here.
General site considerations for bathing and aesthetics
The information gathered from the responses to Questions 7 and 9 is summarised in Table 4 . The terms used by respondents were noted on the questionnaire form, but were not further investigated as to their precise meaning. Because many people used a multiplicity of terms when responding, this provided some difficulty in subsequent categorisation, and judgment was sometimes needed to deduce likely meaning. The term clarity, frequently used by the scientific community, is not often used and poorly understood by the public. This was deduced earlier by Smith et al. (1991) who used the more readily understood term "clearness" when seeking information from the public on water clarity.
For bathing waters, the most-mentioned category was personal safety (average about 65% of respondents) followed by the "water" category (45%) which contained aspects of water appearance, hygiene, and the general term water quality. Aspects of the optical properties of water (e.g., clarity, clearness, "see bottom") were mentioned in about half the instances where water was stated as important. It is interesting to note that the term "beach" was not reported as being a prime requirement for most people. Possibly this term is reserved for the marine context. In instances where "beach" was mentioned, there were beach areas available so we speculate that the presence of a beach is probably an ideal situation but, because beaches (i.e., sand or shingle bodies at the shoreline) are less often associated with rivers and lakes, they were not a major requirement. The type of beach preferred is composed of coarse sand or shingle.
For pleasantness, the most important requirements mentioned were the surroundings (45%), quiet (35%), the presence of trees (25%) (for sun shade and wind shelter), and cleanliness of the area (20%). Surprisingly, water per se was rarely mentioned (averaging between 10 and 15% of respondents). We assume that the presence of water is taken for granted, after all it was the reason for people being where they were when interviewed and, we presume, the main reason for going to a particular place for recreation (e.g., Ulrich 1983; Magill 1992) .
We observed that for Questions 7 and 9, the responses of many people seemed to reflect the interview site and extrapolation to the general situation seemed difficult for some. For instance, for bathing, the highest safety responses (around 80%) were obtained at river sites, which have obvious hazards owing to turbulence and fast currents. For pleasantness, at the Hutt River sites no-one interviewed mentioned surroundings as a requirement; the river flows through the towns of Upper and Lower Hutt and is probably the least visually attractive (although far from ugly!) of all the sites. Temperature was mentioned as a consideration for bathing by only 11 respondents (out of 184) and seven of these were at the three coldest waters; temperature, therefore, is not a major consideration. Figure 6A depicts the relationship between overall site suitability for bathing (Question 8) and water clarity, combining the results from this study and Smith et al. (1991) , giving 18 data points in total. The regressions with and without the two Hamilton Lake points have r values of 0.52 and 0.37, respectively, indicating P values of < 0.05 and > 0.10. This could indicate that there is some chance that water clarity per se does not markedly affect overall site suitability for bathing.
Overall site perception
However, if we regress overall site suitability against clearness rating (Fig. 6B) 'Water includes statements on water clarity (clearness), appearance, cleanliness, cleanness, hygiene, and the general term water quality. The figure in brackets is the percentage of respondents who specifically mentioned clarity aspects, and, rarely, colour. In some instances respondents mentioned aspects of clarity and more general water quality; both responses are included in the total as one response to water.
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Safety concerns physical safety of the individual or children and includes absence of pot-holes and fast currents, and the presence of a gentle slope into the water with no sudden drops. 3 Beach includes the desirable presence of a sand or shingle substrate in or out of the water. 4 Water here includes any mention of water-be it quality, clarity, or even its presence (but not temperature). 5 Surroundings includes statements or naturalness, ambience, scenery, and space. 6 Trees includes shade and shelter. If two or more aspects were mentioned, only one response was included. Native bush is included in this category. 7 Cleanliness refers to absence of litter and general tidiness. 8 General atmosphere includes statements made on quiet, absence of people, and good behaviour. The responses for each site do not necessarily add up to 100% because of multiplicity of statements given by respondents. Water clearness rating Fig. 6 Overall site suitability for bathing plotted against water clarity, A, and water clearness rating, B. In both cases, the dotted line is the linear regression without the Hamilton Lake site data (HAM1 and HAM 2, for the two studies). RUA refers to the Lake Ruataniwha site.
increase to 0.84 and 0.69, respectively (P < 0.01 in both instances), supporting our earlier findings (Smith et al. 1991; our Fig. 4) . Seemingly, it is not a simple matter of actual clarity affecting overall site rating, it is how people perceive the clarity that matters. Because water clarity perception is closely linked with colour perception (see Fig. 3 A, above), it might be more appropriate to use the term "visual quality perception" to account for the complex interaction of both clarity and colour.
Thus, visual quality perception affects overall site rating for bathing, and clearness per se explains about 70% of the variance. Further explanatory power by way of a multiple regression (i.e., by relating overall site rating against clearness and colour ratings) cannot justifiably be attempted because clearness and colour ratings are so highly correlated (see Fig. 3 ). Clearness rating perception is slightly superior to colour in explanatory power.
Our earlier study did not include the concept "pleasantness" so no data combination is possible. However, because suitability for bathing and pleasantness water uses are very highly correlated (see Fig. 2 ), it seems very likely that visual quality perception of water would also explain a high proportion of variance in site pleasantness. Indeed, for the present study alone, this applies with a linear regression of overall site pleasantness (Question 8) on clearness for pleasantness (4b) producing an rvalue of 0.79 (P < 0.01; n = 10).
CONCLUSIONS
Several conclusions of likely value to New Zealand (in particular) resource managers have resulted from this field study and generally confirm our earlier work: 1. Water appearance and bathing activity are closely linked. 2. Bathing water appearance and appearance for aesthetics are very highly correlated. 3. The perceived appearance attributes of clarity and colour are also highly correlated. 4. Water is perceived as just suitable for bathing at a horizontal black disc clarity of 1.2 in, corresponding to a Secchi disc depth of about 1.5 m. 90% of respondents reported water as just suitable for bathing at a clarity of 2.2 m (Secchi disc depth c. 2.75 m). Both of these results confirm our earlier findings. 5. Generally speaking, blue waters are preferred to yellow waters but yellow waters may be acceptable if they are perceived as "natural". Water is perceived as suitable for bathing if the Munsell colour is greater than around 30 units (10Y). 6. For bathing waters, consideration of personal safety is very important; one aspect of safety (ability to see the bottom) depends on water clarity. For pleasantness, surroundings of a water are important. 7. People's ranking of overall site suitability is strongly related to their perception of visual clarity, but less strongly related to actual clarity.
